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(54) Disk recording system 



(57) When a buffer underrun deciskxi circuit (1 7) de- 
y cides that a buffer underrun is abput to occur, data re- 
cording on the disk is interrupted by a recording control 
circuit (18). On the other hand, when the buffer underrun 
decision circuit (17) determines that a buffer underrun 



situation has been avoided, data recording is resumed 
by the recording control circuit (18). At this time, data 
recording is resumed from a positkxi of the disk which 
is continuous to data recorded by the tinne the data re- 
cording was interrupted, thereby recording new data 
continuous to the last recorded data. 
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Description 

BACKGROUND OF THE INVENTTION 
1 . Field ol the Inventkxi 

[0001] TTie present inventicxi relates to a disk record- 
ing system which allows data to be recorded in addition 
to already recorded data, and relates in particular to a 
disk recording systerr) whk:h ensures continuity of re- 
corded data even when buffer underruns occur. 

2. Description ol Related Art 

[0002] An optical disk recording systerh tor recording 
data cn a disk has been known in which a light beam is 
irradiated from an optk:al head onto a disk to change the 
reflectivity of a recording layer of the disk and thereby 
record data on the disk. Among such optical disk record- 
ing systems, a CD-R (recordable) drive of the CD (Com- 
pact Disc) family is a well known example in whch a 
write-once medium that prohibits physical erasure of al- 
ready recorded data is employed. 
[0003] This write-once medium such as a CD-R. how- 
ever, has a problem of buffer urKJerrunsi in whk:h a rate 
ol data transfer for inputting data to a buffer does not 
keep up with a rate of data transfer for recording data 
on the medium, and this in turn leads to buffer underrun 
errors whk:h cause the recorded data to be discontinu- 
ous. In the case of disc-at-once or track-atKjnfce rhedium 
in v^ich file groups to be written are prevk>usly desig- 
nated, the recording medium cannot be used when such 
a buffer underrun error occurs. 

[0004] Such buffer underrun error has become more 
likely, to occur as the recordrig rate In CD-R drives has 
increased to be higher than 4 or 8 times the standard 
rate, and as persor«l computers are more often oper- 
ated using multi-task functkxis. Accordingly, buffer un- 
derrun error is becoming a serkxis problem. 
[0005] On the other hand, in a packet write system, 
data can be recorded by each packet, and therefore da- 
ta recording is suspended until the data to be recorded 
fill the capaicity of each packet, thereby preventing a 
buffer underrun error to occur. This is disck>s3d in. for 
example, Japanese Patent Registered Publication No. 
2B42262. 

[0006] Here, it is necessary to ensure a compatibility 
between a CD-R drive and a CD-ROM drive such that 
data recorded on a disk by a CD-R drive can be repro- 
duced by a CD-ROM drive. However, a problem of this 
compatibility is also unsolvekS because the packei write 
system is not always appifcabte to CD-ROM drives. 
[0007] Further, when a CD-R drive records audio data 
corresponding to a CD-DA, a packet write system is not 
applicable to the CD-R drive due to a compiatibilrty with 
a CD-OA player. 

[0008] In a packet write system, because link blocks 
must be formed tor connecting packets, there is also a 



problem of disk storage capacity. 
SUMMARY OF THE INVENTION 

s [0009] According to the present invention, data to be 
^ added are syr>chrbnized by signal 8yrx;hronizing means 
with data which have already been recorded on a disk 
and are th^en' recorded at a recording start positkxi on 
• the disk defected by recording start positksn detecting 

10 rheans. Therefore, rt is possible, when data recording is 
resumed, to record new data on the disk such that the 
new data are continuous to the data which have been 
recorded by the timei data recording was interrupted. 
The added data can be reproduced in a manner contin- 

is uous to the already recorded data without adoption of a 
packet write system. In this way, a disk recording system 
which can record data on a disk while ensuring a com- 
patibility witi** other disk reproducing systems can be 
provided. ' 

20 [001 0\ Further, if it is determined that buffer underruns 
are about to occur, data recording to a disk can be in- 
terrupted. Then; or>ce it is determined that a situat»n in 
which buffer underruns are about to occur has been 
avokied. recoi ding is resumed at a position from wheh 
2S new data can be recorded continuous to the last data 
which were recorded immediately before the interrup- 
tion of data recording. Accordingly, a buffer underrun er- 
ror by which data are recorded on a disk discontinuousty 
can be prevented, and therefore the recorded data are 
30 reproducible, even on a disk reproducing system whch 
can only read disks having conltnuousty recorded data. 
[0011] Further, in a disk recording system for record- 
ing data to whk:h in'iorfeave processing is applied, data 
to l>e modulated are stored by an encoder when record- 
as ing is interrupted to secure an interleave length neces- 
sary for new data to be inputted when recording is re- 
sumed. Therefore' even if data are interleaved, it is pos- 
sible to rrxxiuiate new data when recording is resumed 
such that they are continuous to the last data which have 
40 been recorded on a disk immediately before the inter- 
ruption of recording. 

[0012] Furtlier, a recording start position may be de- 
tedied by determining an address of the last frame of 
the data recorded on a disk while referring to the ad- 

45 dress stored immediately before the interrupt kxi of re- 
cording. Therefdre, as a process prevk>us to a detectkxi 
of a position ai wtiich recording is resumed, it is possible 
to rei'ably and quickly detect the position of the last data 
recorded immediately before the interruption of record- 

so ing. whiereby tfie position where recording is resumed 
can be detected reliably and quk:kly. 
[dOI 3] In partk:ular, the recording start position is de- 
'tecteci by detect ing an address of the data correspond- 
ing to one frame previous to the last frame of the data 

ss recorded immediately before the interruption of record- 
ing and counting cfiannel bits using, as a reference, a 
frame synchronizing signal firstly detected after the 
aforemenliofted address is detected. Therefore, it is 
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possible to addrttonalty record new data on a disk in a 
mann r continuous t the data record d immedtately 
before the interruption of recording. 
[001 4] Further, a an operation clock used for system 
control, a reproducing clock obtained by reproducing a 
pit signal may be used until the reporcling start position 
is detected, and when the recordpg start position is de- 
tected, the reproducing ckx;k is switched to a recording 
clock used for data recording. Therefore, it is possible 
to make new data to be recorded on, the disk synchro- 
nized with the data already recorded ,ori the disk and to 
immediately initiate system control by rneans of a re- 
cording ckxk once a rK)n-recorded regk>n of the disk 
where a reproducing ctock is not available is detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] These and other objects of the Invention will 
be explained in the description below, in connection with 
the accompanying drawings, in which: 

FIG. 1 is a block circuit diagram showing an exam- 
ple of a CDrR drive employed in a disk recording 
system according to the present invention; and 
FIG. 2 is a circuit block diagram showing a detailed 
structure of a systerri clock generator 21. ; 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

[0016] The preferred embodiment , of the present in- 
ventkan will be described in further^tatl with reference 
to the accompany ing drawings. , 
[001 7] Fig. 1 is a btock circuit diagrarn showing an ex- 
ample of a CD-R drive of a diskTecording system ac- 
cording to the present inventkxi., 
[0018] In Fig. 1. reference numeral 1 denotes an op- 
tical head whk;h irradiates a laser beam to trace a disk 
for writing^reading data ontc/f rom the.disk. whPe numer- 
al 2 derK>tes an RF amplifier .fpf amplifying an RF sigr^l 
(a high frequency signal) obtained frpm the optical head 
which reads recorded data on the, disk, and for coding 
the RF signal as bir^ary data to be then output as digital 
data. RefererK:e numeral 3 denotes a head servo which 
performs focusing control for feeding back an output of 
the optcal head 1 via the RF. anripljfier 2 so as to focus 
a laser beam on a signal surface p4 tho^disk arKi tracking 
control so that the laser beani yvjil foltow a signal track 
of the disk, as well as thread feedff^g control tor moving 
the optical head 1 in the radial i^irection of the disk. 
[001 9] Numeral 4 derK>tes a decoder for, demodulat- 
ing the digital data output from the RF amplifier S i^rxJ 5 
denotes a sutxx>de demodulating circuit fordenr>odulat- 
ing a separated subcode. 

[6O20] Numeral 6 deriot^s a wobble decoder having 
an ATIP (Absolute Tirrw In Pre-grooye)^demQdulating 
circuit 7 which extracts wobble corr^ponents of 22,d5kHz 
from a pre-groove signal of a disk dbtaiped via the RF 



amplifier 2 1 generate components required for rotatkxi 
control of the disk and also demodulates an ATIP from 
the wobble components. 

[0021] Numeral 6 denotes an interface which con- 

s trols, via a connection terminal 9. data transmisskxi and 
data receptkxi to and from a host personal computer 10 
connected outside the system. Numeral 1 1 denotes an 
encoder which modulates data input thereto via the in- 
terface 8 into recording data to t>e recorded in the disk 

10 and 1 2 denotes an input data RAM for storing input data 
to be modulated by the encoder 11. 
[0022] When the encoder 11 modulates data based 
on the CD-FKDM standard, a sync, a header, an EDC 
(Error Detection Code), and an ECC(Error Correctkxi 

IS Code) for CD-ROM data are added to the input data. 
Subsequently, a process -with a CIRC (Cross Inter- 
leaved Reed-Solomon Code) which is an error correc- 
tion code of a CD system is applied while a subcode is 
added, and further EFM (Eight to Fourteen Modulatnn) 

^ is performed and a synchronizing signal is added. 

[0023] Numeral 1 3 derx>tes an internal RAM which is 
provkJed inside the encoder 11 and is used for rrxxJula- 
tion processing by the encoder 1 1 . Numeral 14 denotes 
a laser drive circuit for driving a laser source of the op- 
.tical head 1 so as to perform data recording based on 
the recording data of the EFM data outputted from the 
encoder 11. 

[0024] Numeral 15 denotes a system control circuit 
whk:h performs system control v/ith regard to disk re- 

30 cording and reproducing. Specifically, the system con- 
trol circurt comprises an access contrc»l moans 16 for 
coritro!!:ng access by sel8ctive>y referrrig to a subcode 
address of absolute time information in a subcode (sub 
Q data), whk^ is denrodulated by the sut>cod6 demod- 

35 ulsting circuit 5, arid to an ATIP address of absolute time 
. informatk>n in ATIP which is demodulated by the ATIP 
demodulating circuit 7; buffer under run decision means 
17, wttich monitors data capacity stored in the input data 
RAM 12 for determining that buffer underruns are about 

^ to occur in which the data transfer rate for data input 
cannot keep upvwith the data transfer rate for recording 
. data on the disk and therefore data to be recorded be- 
come inadequate or that the situatksn in whk:h buffer un- 
derruns are about to occur has been avoided; recording 

45 control means 16 for controlling data recording on the 
disk in accordance with a decisk>n made by the buffer 
underrun decision means; recording start position de- 
tecting means 19 for detecting the leading end of the 
non-recorded region on the disk in which no data are 

so recorded to detect a recording start position at whch the 
..recording control means 16 starts data recording; and 
signal synchronizingmeans 20 for syrx^ronizing new 
. . data to be recorded with the data whk:^ are already re- 
corded on the disk by using a synchronizing sigr>al of 

55 . . the subcode extracted by the decoder 4 and the sub Q 
data denrxxfulated by the sutxx>de demodulating circuit 

.1.5. The system control circuit 1 5 may be a microcomputer 
operating as each of the aforcmentionsd means through 
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execution of software instaictions. It may be preferable, 
howev&i' for any ol the aforementioned means t be 
hardware circuits. 

[0025] Numeral 21 denotes a system ckxk generat- 
ing circuit for generating an operation clock which is 
used for system control of the entire operation for disk 
recording and reproducing, the circuit comprising two 
PLL (Phase Lock Loop) circuits for selectively establish- 
ing synch ronizatkxi with a reproducing clock obtained 
by reproducing EFM data outputted from the RF ampli- 
fier 2 or with a reference clock having an accuracy of a 
quartz oscillator 

[0026] As shown in Fig. 2. the system clock generat- 
ing circuit 21 comprises a reproducing ctock system for 
use in reproducing operation and a reference clock sys- 
tem for use in recording operation. The reproducing 
clock system is constituted by a PLL circuit in which the 
phase ol a reproducing clock reproduced by a ck)ck re- 
producing circuit 22 and the phase of an output from a 
VCO (Voltage Control Oscillator) 23 are compared with 
each other by a first phase comparator 24, which then 
generates an output voltage in accordarKe with a phase 
shift between the reproducing ckx;k and the oo.put from 
the VCO 23, and the output voltage is converted, by a 
first LPF (k>w pass filter) 25, into a dc voltage, whk:h is 
fed back to the VCO 23 via a switch circuit 26. On the 
other hand, the reference clock system is constituted by 
a PLL circuit in whfch the phase of a reference clock 
generated by a quartz oscillating circuit 27 and the' 
phase ol an output from the VCO 23 are compared with 
each other by a secorxJ phase comparator 28, whk^ 
then generates an output voltage in accordartce with a 
phase shift between the reference clock and the output 
from the VCO 23, and the output voltage is converted, 
by a second LPF 29. into a d.c. voltage, which is fed 
back to the VCO 23 via the switch circuit 26. 
[0027] In the disk recording system thus constituted, 
the recording operation is executed as follows. First, the 
personal computer 10 operates to altow data recording 
on the disk, thereby generating commands in accord- 
ance with the operation. The commarKis are then input- 
ted via the interface 8 and recognized by the system 
control circuit 15 to perform recording operatkjo. 
[0028] When performing recording operation, the 
switch circuit 26 is switched by the signal synchronizing 
mearte 20 such that the refererKe ckxk system oper- 
ates, and the system clock generator 21 is in the condi- 
tkxi in whk;h a reference clock is generated. Thus, each 
circuit shown in Fig. 1 is now ready to operate in syn- 
chronism with a refer er>ce clock. 
[0029] SpecfHcally, the optical head 1 is controlted 
such that a laser output for performing disk reproductkxi 
reads a pre-groove sigr^l of the disk. After the pre- 
groove s»gr\al read by the optical head t is subjected to 
wave-shaping by the RF arTtp(ifier 2, the wobble compo- 
nents are extracted by tfte vt^obble decoder 6 from the 
si^ial. and an ATIP fe demGdukted from the wobble 
components by the ATIP de^ ^?dulating circuit 7. 
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[0030] Data output from the personal computer 10 1 
be recorded on the disk ar supplied via the int rtac 6 
to the encoder 11 , which modulates the data into suita- 
ble recording data. 

5 [0031] when the las r beam for tracing from the op- 
tical head 1 reaches a write area on the disk, data to be 
recorded are sequentially output by each EFM frame 
from th^ encoder 11, and address data indcating the 
address of^tf^e corresponding output data are sequen- 

10 tidily updated arid stored in the address memory 15a of 
thia system control circuit 15. 

[0032] The laser drive circuit 1 4 drives a laser source 
of the optical head 1 based on the recording data output 
f rorn the encoder 1 1 , thereby recording the data on the 
IS disk. 

[0033] When recording data on the disk, the system 
clock generator 21 gerierates a reference clock, and da- 
ta recording is performed by each predetermined franrte 
in synchrontsrn With the reference ctock. 

20 [0034] During data recording, however, when the data 
transfer rate for outputting data from the personal com- 
puter 1 0 lags behind the data transfer rate tor writing the 
data on the disk, or, in other words, when the transfer 
rate f or inputting data to the encoder 1 1 becomes stower 

25 than the transfer rate for outputting data from the encod- 
er i 1 , the data amount stored in the RAM 1 2 decreases. 
[0035] This condition woukJ eventually result in the 
RAM 12 for storing data becoming empty. If this occurs, 
the buffer underrun decision means 17 determines that 

30 buffer underruns are about to occur, thereby generating 
a decison sigriallndicating this situatkxi. In respor^se to 
this decision signal, the recording control mear>s 18 de- 
termines the interruptkxi of the recording on the disk and 
the output of data' from the encoder 11 is interrupted. 

35 Simul&heously, the optical head 1 terminates irradiating 
a writing beam, to thereby interrupt the data recording 
on the disk. Here, it is also possible that the buffer un- 
derrun deciskxi mearis 1 7 determines that buffer urKier- 
runs are iatXMJl to occur when it detects that the data 

40 stored in the RAM 12 is less than a predetermined 
amount. 

[0036] When data output from the encoder 11 is inter- 
rupted, the address data corresponding the address of 
the last frame of the data which were output from the 

45 encoder 11 immediately before the interruption of re- 
cording are stored in the address memory 15a of the 
"system control circuit 15. Thus recorded address data 
are const ituted by time iritormation of Q channel data of 
a suk>code (sub Q data) arid address information indi- 

so eating the position (No. of data) in an EFM frame in the 
time information. \n accordance with the address data 
stored iri the address menDory 15a, the signal synchro- 
nizing rheans 20 mar^ages the hour, minute, and frame 
of the time iTifCfimtion in the sub Q data arxJ the positton 

55 of an EFM frame in the time infom^tkxi the address of 
the last fr^e of the data recorded on the disk indicates. 
[0037] Under this corxiitkxi, when new data are input 
to the encoder from the personal computer 10, the ac- 
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cess control means 16 access s the data which had 
t>een recorded on the disk b fore data recording was 
interrupted using th ATIP demodulated by the ATIP de- 
rrxxlulating circuit 7. artd the optical head 1 begins trac- 
ing. The tracing may be started, for example, from the s 
position several tracks before the addr ss stored in the ; 
address memory 15a. 

[0038] In this tracing proce^, a pjt signal on the disk 
formed by recording data on the disk is read out. When 
the EFM data can be obtained forrn the read pit signals, io 
the system clock generating circuit 21 is switched by the 
signal synchronizing means 20 from the condition where 
a reference ckxk is generated to the condrtion where a 
reproducing clock in syrx:hronism with the EFM data is 
generated. Accordingly, each circuit shovyn in Fig. 1 is 
turr^s to be operated in syrK:hronism with the reproduc- 
ing clock and the encoder 11 is also ready to perform a 
modulation process in synch ronisrri with the reproduc- 
ing ckxk. 

[0039] ITie encoder 11 cornprises the internal RAM^ 20 
13 for storing data to be rrxxJulated. The internal RAM 
13 is configured such that data necessary for CIRC 
processing is secured when the data recording is inter- 
rupted so as to secure the interleave length (maxtmalty 
108 frames for EFM frames) necessary for newly input 
data. Here, it is also possible to increase the capacity of 
the buffer 1 2 to be used as a memory for securing the 
interleave length, thereby omittirig the interr>al RAM 13. 
[0040] When the encoder 1 1 is ready to perform mod- 
utatkso processing in synchronisrn with the reproducing ^ 
ckxk, the recording data to be output from the encoder 
11 are syrx:hronized with the data already recorded on 
the disk using a synch ronizal ion signal of a subcode ex- 
tracted by the decoder 4 and sub Q data deniodulated 
by the subcodis denxxJutating circuit 5 by the sigr>al syn- 3S 
chronizing means 20. By means of the recording control 
means 18. the eru^oder 11 is turried into a standby status 
for outputting data corresponding a frame next to the 
last frame of the data recorded on the disk immediately 
before the interruption of recording while referring to the 40 
address data stored in the address rnernory 1 5a. 
[0041] When the encoder 11 is In the startdby status, 
the recording start positron detecting means i 9 detects 
the leading erKi position of the non-recxxded region of 
the disk immediately after the recorded region in which 
data are already recorded, by referring to the address 
data stored in the address rnemprY ISa. 
[0042] The positkiri of Ihe leading end ih the non-re- 
corded regkxi is detected based on the t ime informatkxi . 
of sub Q data and the EFM frame position in the time so 
information. For the subcode frarne (a collection of 98 
units of EFM frarnes), detection is peilonned by the sub 
Q data, whereas, for the EFM frame, channel. bits are 
counted one at a time using a syrichrpnizatkxi signal as [^'. 
a reference, thereby determbiing the terrninaf er>d of the ss 
last frame of the data recorded on the disk. Here, it is 
previously determ^ed how rriany channel bits constitute 
one frame. . . . - 



[0043] When the leading end of the non-recorded re- 
gkx) is detected, th system ck>ck g nerating circuit 21 
is immediately switched by the signal synchronizing 
means 20 from the status in whch a reproducing clock 
in synchronism with the EFM data is gen rated to th 
status in which a ref rence ckxk is generated. Now. the 
reference ckxk becorrtes an operation ckxk for the en- 
coder 11. 

[0044] Here, the system ckxk generating circuit 21 
has the construction shown in Fig. 2. Specifically, a re- 
producing ckxk generated by the clock reproducing cir- 
cuit 22 is inputted in the first phase comparator 24 where 
the phase of the reproducing clock is compared with the 
phase of an outptJt from the VCO 23. The comparison 
result outputted from the first phase comparator 24 is 
inputted via the first LPF 25 into the switch circuit 26. 
[0045] On the other hand, a reference clock generat- 
ed by a quartz oscillating circuit 27 is inputted in the sec- 
ond phase comparator 28 where the phase of the refer- 
ence clock is compared with the phase of an output from 
the VCO 23. The comparison result outputted from th 
second phase comparator 28 is inputted via the second 
LPF 29 ffito the switch circuit 26 

[0046] The switch circuit 26 selects the first LPF 25 
until the leading ernJ position of the non-recorded regkxi 
of the disk is detected. Accordingly, in this condltkxi, the 
first phase comparator 24. first LPF 25 and the VCO 23 
operate as a phase kxked kx3p (PLL) for a reproducing 
clock while the system dock generating circuit 21 out- 
puts a reproducing clock as an operation dock for the 
system. 

[0047] On the other hand, when the leading end po- 
sit»n of the non-recorded region is detected, the switch 
circuit 26 is switched such that the second LFP 29 is 
selected. . 

Accordingly, in this condition, the second phase compa- 
rator 28, second LPF 29 and the VCO 23 operate as a 
phase kxked loop (PLL) for a reference clock while the 
system ckxk generating circuit 21 outputs a.refererxe 
ckxk as an operatbn ckxk for the system. 
[0048] When the switch circuit 26 is switched, a con- 
trol voltage for controlling the VCO 23 is gradually 
changed to a voltage of the selected PLL due to a time 
constant of the first LPF 25 or the second LPF 29. There- 
fore, when the condition is switched from where a repro- 
ducing clock is generated to where a reference clock is 
generated, a system clock generated from the system 
ckxk generating circuit 21 is also changed gradually 
from a reproducing ckxk to a reference ckxk. . 
[0049] Simultaneously with the switching of a, system 
ckxk. the recording control means 18 allows data to be 
output from the encoder 11, thereby resuming the data 
recording on the disk 

[0050] In this case, synchronism has been estab- 
lished between the data to be outputted from the encod- 
er 11 arKi the data already recorded on the disk, and the 
encoder 11 outputs data corresponding a frame next to 
the frame of the data recorded by the time data record- 
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ing was interrupted. Accordingfy, data recording is re- 
sumed from th position of th disk which is continuous 
to th last data recorded by the tim recording was in- 
terrupted, and n w data corresponding a f rarT>e sut>se- 
quent to th fram of th last recorded data can be re- 
corded. 

[0051] The foregoing embodiment has a structure 
which assumes that a disk having data recorded by a 
constant linear vekxiity (CLV) is rotatkxially controlled 
by the same method and therefore a reference clock is 
generated as a system clock used for recording opera- 
tkxi. However, in the case where a disk having data re- 
corded by a linear vekxHty constant method is rotatkxi- 
ally controlled by a constant angular vekx;ity (CAV), a 
clock in synchronism with wobble components extract- 
ed by the wobble decoder 6 may be generated as a sys- 
tem ckx:k for use in the recording operatkxi. 
[0052] While the preferred errtoodiment of the present 
inventkxi has been described using specific terms, such 
descriptkxi is for illustrative purposes only, and it is to 
be urKJerstood that changes and variatons may be 
made without departing from the spirit or scope of the 
appended claims. 
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A data recording system for recording data on a 
disk, comprising: 

a recording control circuit for controlling inter- 
ruption and resumptk^n of data recording on the 
disk; 

a recording start positon detecting circuit for 
detecting, as a recording start position on the 
disk, a positk>n continuous to the trailing end of 
data whch have been recorded discontinuous- 
ly on the disk due to the interruption of record- 
ing, when the recording is resumed after the in- 
terruptkxi of recording by the recording control 
circuit; and 

a signal synchronizing circuit for allowing data 
to be additbnally recorded on the disk after the 
recording is resumed, to be synchronized with 
data recorded on the disk immediately before 
the interruptkxi of recording; 
wherein, when the recording is resumed, the 
data are recorded on the disk in synchronism 
with the already recorded data. 

A data recording system of claim 1 , further compris- 
ing: 

an encoder for rrKxJulating input data into re- 
cording data suitable to be recorded on the 
disk; and 

a buffer ur>derrun detecting circuit for detecting 
buffer underruns in which data to be recorded 



on the disk are inadequate when a data transfer 
rat for inputting data to th ncoder is stow r 
than a data transfer rate for recording data out- 
put from th encoder on th disk, 
5 * whierein sakj recording control circuit controls 
the intjarruption and resumptkxi of recording 
based^on detection results from said buffer un- 
derriih detecting circuit. 

10 3. A data recording system of claim 2, further compris- 
irig a buffer for storing said input data, 

wherein ^said buffer underrun detecting circuit 
detects buffer underruns by monitoring the 
^5 amount of data amount stored in said buffer. 

4. A data recording system as defined in Claim 2, 

wherein sakJ encoder has a memory for storing 
^ the input data and 

wherein saki memory has a capacity required 
for securing a necessary interleave length for 
new data to be input when data recording is re- 
sumed. 



25 



3S 



SO 



55 



5. A data recording system of claim 1 , 

wherein the data are recorded on the disk in 
Uame units, and said recording start position 
detecting circuit sequentially stores addresses 
corresponding to the latest data to be recorded 
on the disk ar>d detects the recording start po- 
sit kxi by detecting the last frame address of the 
data stored on the disk while referring to the ad- 
dress of the data stored immediately before the 
interruptton of data recording onto the disk. 

6. A data recording system of claim 5, 

wherein said recording start positkxi detecting 
circuit detects the recording start position by 
detecting the address of the data recorded on 
the disk immediately before the interruptkan of 
data recording and, after the address is detect- 
ed, counting channel bits using a frame syn- 
chronization signal as a refererx:e. 

7. A data recording system of claim 5, 

wherein said recording start positkxi detecting 
circuit detects -the recording start position by 
detecting the address corresponding a frame 
whk:h is one prevksus to the last frame of the 
data recorded on the disk immediately before 
the interruptk>n of data recording and counting 
channel bits usirs^ as a reference, a frame syn- 
ch ronizatkxi sir- whch is first detected after 
the detection c' _ address. 
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8. A data recording system of claim 1 , 

wher inth data are stored on the disk as a pit 
signal. ar>d ^ .. 

wher in, as an operatfon ptock for us in sys- 
tem operatk>n. a reproductng ckx:k obtained by 
reproducing sakJ pH signal is used until the re- 
cording start position is detected by the record- 
ing start position detecting circuit and sakJ re- 
producing clock is switched to a recording clock 
for use in recording data wtien the recording 
start position is detected by said recording start 
position detecting circuit. 
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